Number of new taxa: 3 species (genus Zorotypus)
6
zorapterans at all localities during a survey of Peninsular Malaysia. This revelation matches well with other reports of some species being relatively widespread and, with hunting in appropriate habitats, that their scarcity is illusory (e.g., New 2000 , Engel 2001 , in press, Hinojosa-Díaz et al. 2006 , Engel & Falin 2008 . Indeed, in suitably tropical areas zorapterans are apparently rather common, and the true diversity of the order likely remains to be discovered. Therefore, we hope that the present contribution will stimulate collectors and researchers to focus more clearly on this minute, sadly ignored, but greatly fascinating order of insects. The new species described herein raises the number of extant Zoraptera to 39, and with the fossil species included, the ordinal diversity rises to 48.
Materials and methods
Specimens were preserved in 80% ethanol. For observation of particular anatomical structures, material was placed in a 10% KOH solution at room temperature for 1 h, then washed with distilled water and returned to 80% ethanol for storage.
Antennae, mouthparts, and legs were dissected and slide-mounted with Euparal. A Nikon OPTIPHOT light microscope was used principally for examination and illustration of morphological details. Following Engel (2008) , we have used the terms 7 apteron for individuals of the apterous morph, alate for fully winged individuals with developed compound eyes and ocelli, and deälate for those alates who have shed their wings.
Type depositories are abbreviated as follows: UKM (Universiti Kebangsaan Malaysia, Bangi, Malaysia), SMRC (Sugadaira Montane Research Center, Ueda, Japan), SEHU (Laboratory of Systematic Entomology, Hokkaido University, Sapporo, Japan).
All holotypes are deposited in UKM.
Systematics

Genus Zorotypus Silvestri
Zorotypus caudelli Karny (Figs. 1, 2, 5)
'Zorotypus aus Wai Lima'; Karny, 1922: 14-29 . Karny, 1927: 1-5; New, 2000: 77-82; Mashimo et al., 2011: 230-237; Dallai et al., 2011: 531-547; Dallai et al., 2012: 51-63. Zorotypus sp. MY1: Yoshizawa & Johnson, 2005: 579; Yoshizawa, 2011 : 384. Zorotypus.325: Yoshizawa, 2010 : Supplementary data.
Zorotypus caudelli
Revised description. Apteron male. Body length ca. 2 mm (exclusive of antennae), color glossy brown except membranous regions and yellowish white cercus; head 8 subtriangular, slightly wider than pronotum, with whitish area in posterolateral corner; cephalic chaetotaxy as depicted in Figure 1A ; compound eyes and ocelli absent; antennae 9-segmented, distal three antennomeres paler (Fig. 5A) , antennomere I slightly curved outward, antennomere II faintly curved, short, about one-half length of antennomere III, antennomeres III-IX longer than wide, length of each subequal to that of antennomere I (Fig. 5A ); both mandibles with five apical teeth and well-developed molar region (Fig. 5B, B' ). Pronotum subrectangular, slightly narrowed posteriorly; mesonotum trapezoidal, slightly shorter than pronotum; metanotum trapezoidal, distinctly wider than long, shorter than mesonotum; thorax sparsely setose as depicted in Figure 1C . Legs with setae of moderate length; tibiae and tarsi of all legs paler in color; anterior surface of profemur broadly setose, posterior and dorsal surfaces covered with setae of moderate length only distally; protibia covered with setae of moderate length, bristles arranged like a comb in distal half along ventral surface, two apical spurs; mesofemur slightly narrower than profemur, anterior surface broadly setose, posterior and dorsal surfaces covered with setae of moderate length on distal half and several short setae on proximal half; mesotibia covered with setae of moderate length, two apical spurs; metafemur broader than profemur, more swollen proximally than distally as in Figure 5D , anterior surface broadly setose, posterior and dorsal surfaces 9 covered with setae of moderate length on distal half and several short setae on proximal half, ventral surface with four long stout bristles (Fig. 5D) ; metatibia covered with setae of moderate length, with two apical spurs. Abdominal terga 1 to 6 (T1-6) with a single transverse row of four to six setae of moderate length and a few lateral, short setae on each side of midline (Fig. 2A) ; T7 with a single transverse row of one long erect seta and three moderate-length setae, and a few short setae laterally on each side of midline (Fig. 2A) ; T8 with a single transverse row of one short seta, two long erect setae, and four moderate-length setae on each side of midline (Fig. 2A) ; T9 short, with anterior trapezoidal expansion extending beneath T8 ( Fig. 2A, B) ; T10 posteromedially incised, with several moderate-length setae on each side of midline, one pair of stout setae near incision (Fig. 2B) ; T11 with small median upcurved projection (= male mating hook) and two lateral, subtriangular sclerites, several moderate-length setae on each sclerite (Fig. 2B) ; epiproct and paraproct unsclerotized; cercus unsegmented, oval, with one long apical seta, three or four subapical moderate-length setae, several short setae, and very long, fine setae (Fig. 2A) ; surface covered with numerous minute spicules except at base and apex (too minute to be included in drawing); sternum 1 (S1) scarcely sclerotized; S2 weakly sclerotized (Fig. 2D) ; S3 with a single transverse row of several moderate-length setae (Fig. 2D) ; S4-5 with a single transverse row of four to six moderate-length setae on each side of midline (Fig. 2D) ; S6-7 with two transverse rows of moderate-length setae, anterior row with several setae, posterior row with five or six setae on each side of midline (Fig. 2D) ; S8 (hypandrium) wider than long, with evenly scattered, moderate-length setae, two longer setae on posterior margin on each side of midline (Fig. 2D) ; S9 trapezoidal, with small, fine setae; posterior margin with two moderate-length setae on each side of midline (Fig. 2D) ; S10 invaginated beneath S9, not visible externally; S11 with two lateral sclerites, each with small setae (Fig. 2B ).
Genitalia symmetrical (Fig. 5E) ; basal plate well sclerotized, posteriorly bifurcate, with long, anterior tongue-like process; flagellum long, sclerotized, coiled; aedeagus with hook ( Fig. 5E ).
Apteron female. General features correspond to those of males, except for the following: T10 not posteromedially incised, with three or four setae of moderate length on each side of midline (Fig. 2C) ; T11 evenly sclerotized, not divided into two halves (hemitergites), with small scattered setae and a pair of paramedian setae of moderate length apically (Fig. 2C) ; S2 well sclerotized, with a pair of small setae apically (Fig.   2E ); S3 with a single transverse row of six moderately long and short setae of on each side of midline (Fig. 2E) ; S8 (hypandrium) extensive, sparsely covered with setae of moderate length, posteromedially with irregular round membranous region; S9 short 11 and roughly trapezoidal; basad, bifurcate projection extending beneath S8 (Fig. 2F ), several small setae and two pairs of setae of moderate length along posterior margin (Fig. 2C, E) .
Alate. General features as with those of apteron except for the following: body glossy, blackish brown; compound eyes and three black ocelli present (Fig. 1B) . Mesonotum indistinctly divided into slightly pointed prescutum, large mesoscutum and smaller mesoscutellum (Fig. 1D ). Wings as shown in Figure 5C . 
5E and 6E).
Etymology. The specific epithet is combination of the Latin term magnus (meaning, "great") and caudelli, and is a reference to its larger relative size.
Apteron male. Body length ca. 3.5 mm (exclusive of antennae), color glossy brown except for membranous regions and yellowish white cercus; head subtriangular, slightly wider than pronotum, with whitish area in posterolateral corner, with evenly scattered moderate-length setae; compound eyes and ocelli absent; antennae 9-segmented, distal three antennomeres paler (Fig. 6A ), antennomere I slightly curved outward, antennomere II weakly curved, short, about one-half length of antennomere III, antennomeres III-IX longer than wide, length of each subequal to that antennomere I 13 (Fig. 6A ); both mandibles with five apical teeth and well-developed molar region ( Fig.   6B , B'). Pronotum subrectangular, slightly narrowed posteriorly; mesonotum trapezoidal, slightly shorter than pronotum; metanotum trapezoidal, distinctly wider than long, shorter than mesonotum; thorax with evenly scattered, moderate-length setae.
Legs with moderately-long setae; tibiae and tarsi of all legs paler in color; anterior surface of profemur broadly setose, posterior and dorsal surfaces covered with moderately-long setae distally; protibia with moderate-length setae, bristles arranged as comb in distal half along ventral surface, two stout setae ventroapically; mesofemur slightly narrower than profemur, anterior surface with broad setose area, posterior and dorsal surfaces with setae of moderate length on distal half and several short setae on proximal half; mesotibia with setae of moderate length and two apical spurs; metafemur broader than profemur, more swollen proximally than distally as in figure 6D , anterior surface broadly setose, posterior and dorsal surfaces with setae of moderate length on distal half and several short setae on proximal half, ventral surface with six to eight long, strong bristles (Fig. 6D) ; metatibia with setae of moderate length and two apical spurs.
Abdominal T1-6 with a single transverse row of four to six moderate-length setae and a few short lateral setae on each side of midline; T7 with a single transverse row of one long erect seta and three moderate-length setae, and a few short lateral setae on each 14 side of midline; T8 with a single transverse row of one short seta, two long erect setae, and four moderate-length setae on each side of midline; T9 short, with anterior trapezoidal expansion extending beneath T8; T10 posteromedially incised, with several moderate-length setae on each side of midline, one pair of stout setae near incision; T11 with small median upcurved projection (= male mating hook) and two lateral, subtriangular sclerites, several moderate-length setae on each sclerite; epiproct and paraproct unsclerotized; cercus unsegmented, oval, with one long apical seta, three or four subapical moderate-length setae, several short setae, and very long and fine setae; surface covered with numerous minute spicules except base and apex (too minute to be included in drawing); S1 scarcely sclerotized; S2 weakly sclerotized; S3 with a single transverse row of several moderate-length setae; S4-5 with a single transverse row of four to six moderate-length setae on each side of midline; S6-7 with two transverse rows of moderate-length setae, anterior row composed of several setae, posterior row of five or six setae on each side of midline; S8 (hypandrium) wider than long, with moderate-length setae evenly scattered and two longer setae on posterior margin on each side of midline; S9 trapezoidal, with small, fine setae; posterior margin with two moderate-length setae on each side of midline; S10 invaginated beneath S9, not visible externally; S11 with two lateral sclerites, each with small setae. Genitalia symmetrical 15 (Fig. 6E) ; basal plate well sclerotized, with broad, robust, anterior tongue-like process, and posteriorly bifurcated; with long, sclerotized, coiled flagellum; aedeagus hooked (Fig. 6E) . Etymology. The specific epithet is combination of the Latin terms cervis (deer) and cornis (horn), and is a reference to the antler-shaped basal plate of the male genitalia.
Description. Apteron male. Body length ca. 2.5 mm (exclusive of antennae), color glossy, yellowish brown except membranous regions and yellowish white cercus; head subtriangular, slightly wider than pronotum, with whitish area in posterolateral corner; with moderate-length setae evenly scattered; compound eyes and ocelli absent; antennae 9-segmented, distal three antennomeres paler (Fig. 7A) , antennomere I slightly curved outward, antennomere II faintly curved, short, about one-half length of antennomere III, antennomeres III-IX longer than wide, length of each subequal to that antennomere I 17 (Fig. 7A) ; both mandibles with five apical teeth and well-developed molar region (Fig.   7B, B' ). Pronotum subrectangular, slightly narrowed posteriorly; mesonotum trapezoidal, slightly shorter than pronotum; metanotum trapezoidal, distinctly wider than long, shorter than mesonotum; thorax with moderate-length setae evenly scattered.
Legs with moderate-length setae; tibiae and tarsi of all legs paler in color; anterior surface of profemur broadly setose, posterior and dorsal surfaces covered with moderate-length setae only distally; protibia with moderately long setae, bristles arranged as comb in distal half along ventral surface, with two apical spurs; mesofemur slightly narrower than profemur, anterior surface broadly setose, posterior and dorsal surfaces with moderate-length setae on distal half and several short setae on proximal half; mesotibia with moderate-length setae and two apical spurs; metafemur broader than profemur, more swollen proximally than distally as in Figure 7C , anterior surface with broad setose area, posterior and dorsal surfaces covered with moderate-length setae on distal half and several short setae on proximal half, ventral surface with five or six long stout bristles (Fig. 7C) ; metatibia with moderate-length setae and two apical spurs.
Abdominal T1-6 with a single transverse row of four to six moderate-length setae and a few short lateral setae on each side of midline; T7 with a single transverse row of one long erect seta and three moderately long setae, and a few short lateral setae on each 18 side of midline; T8 with a single transverse row of one short seta, two long erect setae, and four moderate-length setae on each side of midline; T9 short, with anterior trapezoidal expansion beneath T8; T10 posteromedially incised, with several moderate-length setae on each side of midline and one pair of stout setae near incision; T11 with small median upcurved projection (male mating hook) and two lateral, subtriangular sclerites each with several moderately long setae; epiproct and paraproct unsclerotized; cercus unsegmented, oval, with one long apical seta, three or four subapical setae of moderate length, several short setae, and very long and fine setae; surface covered with numerous minute spicules except base and apex (too minute to be included in drawing); S1 scarcely sclerotized; S2 weakly sclerotized; S3 with a single transverse row of several moderately long setae; S4-5 with a single transverse row of four to six moderate-length setae on each side of midline; S6-7 with two transverse rows of moderate-length setae, anterior row with several setae, posterior one with five or six setae on each side of midline; S8 (hypandrium) wider than long, with moderate-length setae evenly scattered, and two longer setae on posterior margin on each side of midline; S9 trapezoidal, with small, fine setae; posterior margin with two pairs of moderately long setae; S10 invaginated beneath S9, not visible externally; S11 with two lateral sclerites (hemitergites), each with small setae. Genitalia symmetrical 19 (Fig. 7D) ; basal plate well sclerotized with short, broad anterior tongue-like process, posterior region bifurcated into long, paired branches, each bearing two small projections; long, sclerotized, coiled flagellum present; aedeagus hooked (Fig. 7D) .
Apteron female. General features as in male except as follows: abdominal T10
posteromedially not incised, with three or four pairs of moderate-length setae; T11 uniformly sclerotized, not divided into hemitergites, with several small setae and a pair of moderate-length setae; S2 well sclerotized, with a pair of small setae; S3 with a single transverse row of six moderately long or short setae on each side; S8 (hypandrium) extensive, sparsely covered with moderate-length setae, posteromedially with round membranous region; S9 short and trapezoidal, anteromedian part extended anteriorly, not bifurcated, several small setae and two pairs of moderate-length setae along posterior margin (Fig. 7E) .
Remarks. Yoshizawa & Johnson (2005) used this species as source for both morphological and genetic datamaterials, designating it as Zorotypus sp. MY2. Figs. 3-6).
Zorotypus impolitus
Etymology. The specific epithet is based on the Latin impolitus, referring to the unpolished brown coloration of the body.
Description. Apteron male. Body length ca. 2 mm (exclusive of antennae), color mat brown except membranous regions and yellowish white cercus; head subtriangular, slightly wider than pronotum, with whitish area in posterolateral corner; cephalic chaetotaxy as in Figure 3A , curly setae grouped on vertex (likely associated with fontanelle gland as in males of some other species); compound eyes and ocelli absent; antennae 9-segmented, distal three antennomeres paler (Fig. 8A) , antennomere I slightly curved outward, antennomere II faintly curved, short, about one-half length of antennomere III, antennomeres III-IX longer than wide, length subequal to that of antennomere I (Fig. 8A) ; both mandibles with five apical teeth and well-developed molar region (Fig. 8B, B' ). Pronotum subrectangular, slightly narrowed posteriorly; mesonotum trapezoidal, slightly shorter than pronotum; metanotum trapezoidal, distinctly wider than long, shorter than mesonotum; thorax setose as in Figure 3B . Legs with moderate-length setae; tibiae and tarsi of all legs paler in color; anterior surface of profemur covered with short setae, posterior and dorsal surfaces covered with moderate-length setae; protibia with moderate-length setae, bristles arranged as comb in distal half along ventral surface, with two apical spurs; mesofemur slightly narrower than profemur, anterior surface broadly setose, posterior and dorsal surfaces covered with moderate-length setae only distally; mesotibia covered with moderate-length setae and two apical spurs; metafemur broader than profemur, more swollen proximally than distally as in Figure 8D , anterior surface broadly setose, posterior and dorsal surfaces with moderate-length setae on distal half and several short setae on proximal half, ventral surface with eight or nine stout bristles, proximal first and third bristles longer than others (Fig. 8D) ; metatibia with moderate-length setae and two apical spurs.
Abdominal tergal chaetotaxy as in Figure 3D ; T1 with a single transverse row of short setae, and a few small setae laterally (Fig. 3D) ; T2-7 with regular vestiture of numerous 22 setae of short and moderate length and a pair of longer setae along posterior margin (Fig.   3D) ; T8 with numerous fine, small setae, three pairs of moderate-length setae and a pair of long, erect setae (Figs. 3D, 4B) ; T9 short, scarcely sclerotized (Figs. 3D, 4C) epiproct and paraproct unsclerotized (Fig. 4B) ; cercus unsegmented, conical, with one long apical seta, three or four subapical moderate-length setae, several short setae, and very long and fine setae (Fig. 3D ), surface covered with numerous minute spicules except base and apex (too minute to be included in drawing); chaetotaxy of sterna as in Figure 4A ; S1 scarcely sclerotized; S2 weakly sclerotized with two or three short setae on each side (Fig. 4A) ; S3-4 with two transverse rows of short setae (Fig. 4A) ; S5 with short setae evenly scattered and a pair of scarcely sclerotized circular areas (Fig. 4A) ; S6-7 with evenly scattered short setae (Fig. 4A) ; S8 (hypandrium) wider than long, with evenly scattered, moderate-length setae (Fig. 4A ) and a pair of longer setae (Fig. 4B) ; S9 fused to S8; S10 invaginated beneath S8+9, not visible externally; S11 with two lateral subtriangular sclerites (hemitergites), each with several setae of short and 23 moderate length (Fig. 4B) . Genitalia asymmetrical, without elongate coiled flagellum and well defined basal plate; dorsal sclerite weakly sclerotized, with anterior end curved; middle sclerite twisted and curved; spatula-like ventral sclerite present beneath middle sclerite (Fig. 8E) .
Apteron female. Generally as in male except as follows: Head without curly setae grouped on vertex. Abdominal T10 uniformly sclerotized with four or five setae on each side and a pair of setae of moderate length (Fig. 4E) ; T11 uniformly sclerotized, with small setae and a pair of setae of moderate length (Fig. 4E) ; S8 and 9 not fused; S8 (hypandrium) wider than long, with short setae evenly scattered and two pairs of moderate-length setae, posteromedially with round membranous region (Fig. 4D) ; S9 short and trapezoidal; several small setae and two pairs of moderate-length setae along posterior margin (Fig. 4D) .
Alate. General features as in apterous form except as follows: unpolished, blackish brown coloration. Compound eyes and three black ocelli present. Mesonotum indistinctly divided into slightly pointed prescutum, large mesoscutum, and smaller mesoscutellum (Fig. 3C ). Wings as in Figure 8C , C'.
Key to species of Zorotypus in Peninsular Malaysia
1.
Mat brown in coloration; abdominal T2-6 covered with short setae; S5 with a pair of weakly sclerotized circular areas ………… Zorotypus impolitus sp. n.
. Glossy brown in coloration; abdominal T2-6 with a single transverse row of moderately-long setae; S5 without weakly sclerotized circular areas …………2 
Discussion
We examined and considered a broad spectrum of structures but with focused in particular on the shape of the basal antennomeres, the chaetotaxy of the ventral 25 surface of the metafemur, and the structure of the male genitalia, characters traditionally recognized as useful for classifying Zoraptera. The first two of these character sets (shape of antennomeres and chaetotaxy) have little variation between closely related species (e.g., Hwang 1974 , 1976 , Paulian 1949 , 1951 , and are therefore of limited use for separating or circumscribing species with close phylogenetic affinities. Nevertheless, such traits may be phylogenetically relevant for reconstructing relationships of broader subgroups across Zorotypus. In contrast, it has been noted repeatedly, and not surprisingly, that closely related species with very similar external features can be clearly discriminated based on the male genitalia (Gurney 1938 , Paulian 1949 , 1951 , Hwang 1974 , 1976 , New 1978 , Rafael & Engel 2006 , Rafael et al. 2008 . This certainly has held true for Z. caudelli and Z. magnicaudelli sp. n., which although quite similar externally, differed distinctly in their male genitalia (vide supra). In clades such as Zoraptera with overall uniform general morphology, a detailed investigation of male genitalia is obviously indispensable for unambiguous circumscription of species. Dallai et al. (2011 Dallai et al. ( , 2012a noted that zorapterans exhibit an extraordinary degree of variation in reproductive morphology and spermatozoan structure, in striking contrast to the overall uniform external morphology, apparently as a result of different selective pressures on these character systems. This observation correlates with 26 profound differences in reproductive behavior and strategy. Zorotypus caudelli, Z. magnicaudelli sp. n., and Z. cervicornis sp. n. share a unique form of male genitalia, i.e., with a strongly elongate and coiled flagellum. So far this condition is known only for Z.
cramptoni Gurney, 1938 , Z. gurneyi Choe, 1989 , Z. hamiltoni New, 1978 and Z. snyderi Caudell, 1920 . We assume as a working hypothesis that this represents a complex synapomorphy of these species and predict that they likely exhibit a similar reproductive behavior. They share not only the coiled flagellum but also similar forms in other portions of the male postabdomen. It appears plausible that these seven species comprise a clade within Zorotypus, but confirmation by a formal character analysis is required. Unfortunately, the presently available morphological (and molecular) data are insufficient and much basic biodiversity (i.e., taxonomic, behavioral) work is needed across the order before meaningful analyses can be conducted and hypotheses formulated.
Choe (1997) made a detailed study on the mating behavior of Zoraptera using two American species Zorotypus gurneyi and Zorotypus barberi, and parallel to the present study Dallai et al. (in prep.) carried out a study on the mating behavior in the species treated here. It is desirable that similar observations on zorapterans from other regions (e.g., Africa, South America) be carried out, in combination with detailed 27 morphological and molecular studies. For a robust evolutionary interpretation of the intriguing dualism in Zoraptera, i.e., highly conservative general morphology versus strikingly variable genitalic system and mating behavior, a well-founded, species-level phylogeny for the order is critical (e.g., Engel 2003) . Even though inquiry into the Zoraptera has increased greatly in recent years, much remains to be undertaken.
Although zorapterans are typically inconspicuous, they are nevertheless an intriguing group, the study of which may eventually help to unravel several fascinating evolutionary mechanisms and perhaps serve as a model for investigating similar phenomena in other insect lineages.
